We evaluated the usefulness of PCR analysis of the 16S-23S rRNA gene internal transcribed spacer (ITS) and CTX-M extended-spectrum β-lactamase (ESBL) followed by microchip gel electrophoresis (MGE) for direct identification and CTX-M detection of Escherichia coli isolates from blood cultures were suspected to produce ESBL by the combination disk method, and these isolates were shown to harbor CTX-M ESBL by PCR-MGE. The results were obtained within 1.5 h at a calculated cost of $6.50 per specimen. In conclusion, simultaneous detection of ITS length polymorphisms and blaCTX-M by single PCR followed by MGE is useful for rapid, cost-effective, and reliable species-level identification of CTX-M ESBL-producing GNB responsible for bloodstream infections.
INTRODUCTION
Bloodstream infections are a major cause of morbidity and mortality. Traditional identification of blood culture isolates requires subculture and overnight incubation to obtain isolated colonies. Rapid methods to differentiate bacteria directly from positive blood cultures have been developed (7, 8, 14) , thus reducing the turnaround time compared to traditional testing. Rapid identification can significantly improve outcome in infected patients by enabling rapid and appropriate antimicrobial therapy, leading to a decrease in mortality, shortened hospital stay, and lower hospitalization costs (3).
Several nucleic acid-based approaches have proven useful for identifying many microorganisms and are becoming more commonplace in the clinical microbiology laboratory (14, 21) . Spacer regions separating the two prokaryotic rRNA genes are characterized by a high degree of sequence and length variation at both the genus and species levels (5, 8, 10, 13) . The aim of the present study was to establish a rapid and accurate method for the identification of GNB from isolated colonies, as well as positive blood culture bottles with positive signals, by PCR amplification of the 16S-23S rRNA gene spacer region. As for rapid sizing of PCR products, Turenne et al (25) used a capillary electrophoresis system which needs less than 30 min for analysis. Recently, electrophoretic analysis with a microchip was developed (6) . To determine the length of PCR products more rapidly, we used a microchip gel electrophoresis (MGE) instrument.
This instrument detects PCR products within 5 min, whereas agar gel electrophoresis used in our study needed 2 h to determine the length of PCR amplicons. The former has enabled us to generate a profile of the expected amplicon sizes for a broad range of bacteria. The advantages of using such an instrument include speed and elimination of slab gels and staining steps as well as of species-specific probes or DNA sequencing.
Furthermore, minimal manual labor is required, thus making the fragment detection system accurate and cost-effective.
Earlier studies have shown that antimicrobial susceptibility testing does not significantly influence a physician's choice of appropriate antimicrobial therapy (18) .
However, with advances in technology PCR-based detection of mecA and van directly from positive blood culture bottles is now available (7) . On the other hand, ESBL-producing strains, especially CTX-M ESBL-producing strains, are increasing worldwide (4, 9, 11, 15, 23) . Although ESBLs are inactivated with β-lactamase inhibitors, ESBL-producing strains may be resistant to third-to fourth generation cephalosporins such as cefotaxime, ceftazidime and cefepime. Therefore, antibiotic options in the treatment of ESBL-producing organisms are limited (11, 24) . In addition to rapid species identification of microorganisms, detection of the CTX-M gene in blood culture bottles was simultaneously examined by single PCR in the present study.
MATERIALS AND METHODS
Bacterial strains. A total of 329 GNB (given the prefix K) isolated from clinical samples between January 2005 and December 2007 at Kanazawa University Hospital and 39 reference strains were used to determine the internal transcribed spacer PCR patterns (ITS-PCR). The reference strains were obtained from the American Type Culture Collection (ATCC) (Manassas, VA), NITE Biological Resource Center (NBRC) (Tokyo, Japan), Laboratory Culture Collection (IID) (University of Tokyo, Tokyo, Japan), and the Japan Collection of Microorganisms (JCM) (Wako, Japan) ( Table 1 ). In addition, isolates of clinically relevant species not included in the reference strains were selected from the isolates from our laboratory, and used as controls. When two or more ITS-PCR patterns were found among the same species, a strain isolated at Kanazawa University Hospital was selected randomly from each group of ITS-PCR pattern and was also used as a control. A colony grown on modified Drigalski agar was suspended in 0.2 ml of TE buffer (10 mM Tris-HCl, 1 mM EDTA, pH 8.0) at a density equivalent to a 0.5 McFarland standard.
Aliquots of 2 μl of proteinase K solution (20 mg/ml) (Takara Shuzo Co., Ltd., Ohtsu, Japan) were added, followed by incubation at 60°C for 5 min. After 7 min of incubation in a boiling water bath, the lysate was centrifuged at 9,000 × g for 2 min, and the supernatant was used as the template DNA. Processing of positive blood culture bottles for PCR was performed as described previously (8) with slight modifications. Briefly, ~10 ml of 0.1% sodium dodecyl sulfate was added to 0.1 to 0.2 ml of blood culture fluids, and the mixtures were centrifuged at 4,000 × g for 10 min. The pellets were suspended in 1.5 ml of distilled water and centrifuged again at 9000 × g for 1 min. Then, 0.1 ml of TE buffer and 2 μl of proteinase K solution were added to the pellet, and the mixture was incubated at 60°C for 5 min. After 7 min of incubation in a boiling water bath, the lysate was centrifuged at 9,000 × g for 2 min, and the supernatant was used as the template DNA. DNA was extracted from isolated colonies in ~20 min and that from GNB-positive blood culture bottles was obtained in ~30 min.
Identification of GNB by ITS-PCR.
ITS-PCR was performed using the bacterium-specific universal primers IX (5'-GGTGAAGTCGTAACAAG-3') and II (5'-TGCCAAGGCATCCACC-3') (8) . PCR was performed with 1.5 μl of the template DNA in a total reaction volume of 30 μl consisting of 0.75 U of Z-Taq DNA polymerase (Takara Bio Inc., Shiga, Japan), 0.1μM each primer, 0.2 mM each deoxynucleoside triphosphate, and 3 mM MgCl2.
Reactions were run in a thermocycler (Biometra Co., Göttingen, Germany). The PCR program consisted of 95°C for 10 s (first cycle only), 99°C for 8 s, 52°C for 12 s, 72°C for 20 s (25 cycles), and a final extension step at 72°C for 5 min. The ESBL genes were also amplified by PCR. The PCR products were separated with MGE instrument (model SV1200; Hitachi Electronics Engineering Co., Ltd., Tokyo, Japan) as described previously (8) . Briefly, a mixture of 9 μl of PCR product and 1μl of loading buffer containing the internal standards was loaded into one of the sample (19) . The disks used were cefotaxime, cefpodoxime, and ceftazidime disks with and without clavulanate (Eiken Chemical Co., Ltd., Tokyo). Klebsiella pneumoniae ATCC 70063 was used as a control SHV ESBL-positive strain, and Escherichia coli ATCC 35218 was used as a blaTEM-1-positive strain. Fifty-three ESBL-non-producing Enterobacteriaceae strains isolated in our laboratory were also used as negative controls. PCR was performed under the same conditions as described for ITS-PCR. The primers of CTX-F (5'-ATTCCRGGCGAYCCGCGTGATACC-3') and CTX-R (5'-ACCGCGATATCGTTGGTG GTGCCAT-3') used to detect CTX-M ESBLs were developed in our laboratory. The isolates were also examined for SHV and TEM ESBLs by PCR amplification and sequencing with the primer pairs described previously (2).
The CTX-M ESBL type was determined by sequence analysis using the primer pairs (1).
The sequences were determined by direct sequencing of PCR products, and sequencing was performed on an ABI Prism 3130 Genetic Analyzer (Applied Biosystems Japan Ltd., Tokyo).
RESULTS

ITS-PCR patterns of GNB.
MGE analysis of the amplified products obtained from 368 isolates comprising 45 GNB species consistently showed one to four intense and sharp bands (major fragments) for each sample, ranging from 241 to 1,765 bp ( Figure 1A Table 2) . Four isolates (three Bacteroides fragilis group and one Acinetobacter lwoffii) were not identified, because they showed novel ITS-PCR patterns that were not included in our database.
Furthermore, eight organisms in mixed culture bottles were not identified because of complex ITS-PCR patterns. Overall, 228 (91%) of 251 GNB isolated from bottles that contained a single bacterial species were correctly identified at the species level directly from blood culture bottles. There were no cases of incorrect identification. CTX-M ESBL genes were detected from 20 bottles by PCR, and all ESBL-positive strains were identified as E. coli by ITS-PCR patterns and the culture-based method. Figure 1B shows the amplification product of the CTX-M ESBL gene and ITS-PCR pattern of CTX-M ESBL-producing E. coli.
Cost analysis was performed for reagents for conventional testing and molecular testing. The average cost for conventional identification of GNB ranged from $10 to $12.
With molecular testing, testing cost is significantly lower when more than one test is processed at the same time. The cost of identifying GNB and detecting CTX-M ESBL from one sample alone would represent the maximum cost per sample, which was calculated to be $6.50. We have calculated the cost of running two samples for identification to be $4.80 per sample.
DISCUSSION
The PCR assay to detect polymorphisms in the 16S-23S rRNA gene spacer region is potentially useful for both species-level identification of coagulase-negative Staphylococcus species and GNB (8, 13) and strain discrimination of S. aureus (8) and Clostridium difficile (5) . One issue that is critical for the successful detection of spacer variation is the choice of PCR primers. Primers were selected to target highly conserved regions in the 16S and 23S rRNA genes. To date, four primers in the 16S rRNA gene, and six primers in the 23S rRNA gene have been proposed, and some primers failed to detect spacer variation at the species or strain level (10). Jensen et al. (13) It is not surprising that some strains belonging to different genera or species showed similar ITS-PCR patterns. In this study, Enterobacter species and K. oxytoca showed the same patterns. As these two species have been reported to show similar antibiotic-susceptibility patterns (more than 10% strains are resistant to piperacillin, third-generation cephalosporins, and tobramycin) (26) , rapid species-level identification of these species may not be required for planning of antibiotic treatment. When isolates tested yielded a single band of similar length, ITS-PCR patterns alone could not be used for general differentiation of glucose non-fermenting GNB. For example, P. stutzeri and R. pickettii (591 -594 bp), and Pseudomonas alcaligenes and Pseudomonas pseudoalcaligenes (576 -606 bp) showed bands of similar sizes. Although these four species strains are rarely isolated from blood cultures, as shown here and in a previous study (14) , the physician would be able to implement therapy for either Pseudomonas ( (2) axy2 (5) aba (12) aju (1) alw (2) ahy (9) afa (2) bfr1 (18) bfr2 (14) bfr3 (10) bce (4) bag (1) cje (3) cho (1) cda (1) cin (2) cfr (4) cko (10) csa (1) dac (3) eta (2) eme (1) JCM 5963 T ecl1 c (10) ecl2 (20) ecl3 (11) eco (22) hin (17) kpn1 (14) kpn2 (2) kox c (15) mmo1 (5) mmo2 (4) mmo3 (3) nme (3) pag (2) pmu (3) pmi1 (15) pmi2 (4) pvu (6) pal (1) pre1 (4) pre2 (3) pae (15) pal (2) pps ( (7) ppu2 (1) pst (1) rpi (3) sen (9) smar1 (12) smar2 (2) smar3 (4) smar4 (3) ssp (1) smal1 (16) smal2 (3) vvu ( P. aeruginosa (30) K. pneumoniae (29) S. maltophilia (18) E. cloacae (12) K. oxytoca (10) S. marcescens (8) A. calcoaceticusbaumannii complex (6) B. fragilis (6) E. aerogenes (6) A. xylosoxidans (4) C. koseri (4) C. freundii (3) P. mirabilis (3) H. influenzae (2) A. lwoffii (2) B. cepacia (1) E. tarda (1) N. meningitidis (1) P. putida (1) Polymicrobial (4) Total (255) 104 (100) 30 (100) 29 (100) 18 (100) 6 (50) 
